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Abstract 
In Brazil, the sugarcane industry generates large amounts of sugarcane bagasse ash, and a key issue is to find a proper use of 
this solid waste material. The aim of this study is to determine the chemical, physical and mineralogical characteristics of a 
sugarcane bagasse ash sample from south-eastern Brazil, and to investigate its use in the production of ceramic floor tile. The 
sample of this waste material was analyzed regarding chemical composition, mineralogical analysis, particle size distribution, 
morphology, particle density, and organic matter. Floor tile pieces containing up to 2.5 wt% sugarcane bagasse ash waste as a 
partial replacement of quartz were prepared by uniaxial pressing and sintered at 1190 °C. The following technological 
properties were determined using standard procedures: flexural strength, apparent density, linear shrinkage, and water 
absorption. The experimental results indicated that the sugarcane bagasse ash waste is rich in quartz particles, and has potential 
to be used as an alternative raw material for the production of ceramic floor tile. 
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1. Introduction 
In Brazil, the sugarcane industry produces high amount of waste material named as sugarcane bagasse ashes 
(Faria, 2011). This waste is considered a non-biodegradable solid material, and is composed mainly of crystalline 
silica (Cordeiro, 2006). The final disposal of this solid waste material is a great challenge for the sugarcane industry. 
Currently, most of the sugarcane bagasse ash waste produced in Brazil has been mainly disposed as soil fertilizer.  
However, this solution is environmentally unsustainable.  
In recent years, the building materials industry has become a promising alternative for the recycling of solid 
waste materials (Badiee et al., 2008; Wei et al., 2009; Al-Zboon et al., 2010). Some reasons for this are: i) the 
ceramic industry utilizes large amounts of natural raw materials; ii) the building materials permit large variability of 
their chemical and mineralogical compositions; and iii) toxic substances could be inertized in the sintered ceramic 
matrix.   
A key issue for the recycling of solid waste material as an alternative raw material in the ceramic field is the 
knowledge of its chemical, mineralogical, and physical characteristics (Silva and Holanda, 2009). In this context, 
the present study focuses on the characterization of a sugarcane bagasse ash waste sample from south-eastern 
Brazil. In addition, the possibility of recycling of sugarcane bagasse ash waste into floor tile formulation has been 
examined.  
 
2. Materials and methods 
The representative sample of sugarcane bagasse ash waste in form of powder was collected in sugarcane plant 
from south-eastern Brazil. The waste sample was subjected to drying in an oven for 24 hours at 110 °C, and then 
was sieved until a fraction passing through a 325 mesh (ASTM) sieve. 
Mineralogical analysis of the sugarcane bagasse ash waste sample was performed by X-ray diffraction 
(diffractometer Shimadzu, XRD-7000), using monochromatic radiation of Cu-KD at a rate of 1.5° (2T)/min. 
Crystalline phases were identified by comparing the intensities and positions of the Bragg peaks with those listed in 
the JCPDS/ICDD data files. The chemical composition of the sample was determined by energy-dispersive X-ray 
fluorescence spectroscopy (Shimadzu, EDX-700). The particle size analysis was determined by standardized 
procedures according to NBR 7181. The morphology of the waste powder particles was observed by scanning 
electron microscopy.  The content of organic matter was determined according to the Walkley-Black method (Faria, 
2011). 
Floor tile compositions containing up to 2.5 wt.% of sugarcane bagasse ash waste as a partial substitute of quartz 
were prepared. Kaolin, albite, and quartz commercial were used.  
The compositions were mixed, homogenized, and granulated. The moisture content was adjusted to 7 wt.%. The 
compositions were pressed into rectangular pieces (11.50 cm x 2.54 cm) at 50 MPa, dried at 110 ºC for 24 h, and 
then fired in air at 1190 ºC.  The following technological properties of floor tile pieces were determined according to 
standardized procedures: linear shrinkage (ASTM C326), apparent density (ASTM C373), water absorption (ASTM 
C373), and flexural strength (ASTM C674). 
3. Results and discussion 
The X-ray diffraction analysis of the sugarcane bagasse ash waste sample used in this work is shown in Fig. 1. 
The sample presented peaks that are mainly characteristics of the following mineral phases: quartz, cristobalite, 
potassium carbonate, calcium phosphate, hematite, and mullite, with predominance of quartz. 
The chemical composition of the sugarcane bagasse ash waste sample is given in Table 1. SiO2 is the major 
component, which correspond to about 85.55 wt.%. The presence of Ca, Al, P, K, and Fe are in agreement with the 
X-ray diffraction results (Fig. 1). According with (Faria, 2011), the high amount of silica is typical of ashes from 
sugarcane bagasse burned in sugar plants.    
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         Table 1. Chemical composition of the sugarcane bagasse ash waste. 
Compounds Wt.% 
SiO2 85.55 
Al2O3 2.29 
Fe2O3 1.21 
TiO2 0.20 
K2O 1.33 
SO3 2.28 
CaO 4.05 
P2O5 3.01 
MnO 0.08 
 
 
 
Fig. 1. X-ray diffraction pattern of the sugarcane bagasse ash waste. 
 Table 2. Relevant characteristics of the sugarcane bagasse ash waste. 
Characteristic Value 
Colour Black 
Particle density (g/cm3) 2.39 
Organic matter (%) 10.32 
Clay (%) 0.70 
Silt (%) 11.50 
Sand (%) 87.80 
  
Table 2 gives the relevant characteristics of the sugarcane bagasse ash waste sample.  It was verified that the 
waste sample presented black colour. The particle density obtained of 2.39 g/cm3 reflects its mineralogical analysis. 
The waste sample presented a value of organic matter of 10.32 %. The waste sample also presented a wide range of 
particles sizes, where the major size ranges are sand (> 63 Pm) with 87.80 % and silt (2 Pm ≤ x < 63 Pm) with 
11.50 %. Morphological aspects of the sugarcane bagasse ash waste particles observed by scanning electron 
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microscopy are shown in Fig. 2. As can be observed, the waste powder consists of irregular shaped particles. In 
addition, a wide particle size range is also observed, corroborating the particle size data.  
 
 
 
Fig. 2. Morphology of the sugarcane bagasse ash waste particles. 
 
The quality of the tile pieces after firing at 1190 ºC was determined on the basis of linear shrinkage, apparent 
density, water absorption, and flexural strength (Figs 3 to 6). The pieces with 0-wt.% of sugarcane bagasse ash waste 
addition were considered as the reference pieces. 
 The linear shrinkage of the pieces, as shown in Fig. 3, presented only slight differences with sugarcane bagasse 
ash waste addition. All pieces presented acceptable values of linear shrinkage (9.21 – 10.81 %) for industrial 
production of ceramic floor tile. The high values of shrinkage observed at 1190 ºC are fundamentally related to the 
formation of large amount of glassy phase, with predominance of viscous flow sintering on the material 
densification.  
The apparent density of the fired tile pieces is shown in Fig. 4. It may be observed that the sugarcane bagasse ash 
waste tends to increase the apparent density. This behavior can be attributed to the chemical and mineralogical 
compositions of the waste, which tends to aid the sintering of the pieces. In fact, when compared with quartz, the 
sugarcane bagasse ash waste contains flux materials (K2O, CaO, and Fe2O3), which cause higher densification of the 
tile pieces.   
The flexural strength of the tile pieces fired at 1190 ºC presented only slight increases with sugarcane bagasse ash 
waste addition (Fig. 5). This behavior is in accordance with the results of linear shrinkage (Fig. 3) and apparent 
density (Fig. 4).  
The water absorption values of the tile pieces are presented in Fig. 6. The effect of the waste addition was to 
increase the water absorption of the pieces. This increase in water absorption with increase in waste amount is due 
to the increase of open pore volume in the pieces. Since the sugarcane bagasse ash waste contains high amount of 
organic matter, the sintering of the tile pieces at 1190 ºC causes volatization of organic matter and results in increase 
in open pore volume.  
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Fig. 3. Linear shrinkage of the tile pieces. 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Apparent density of the tile pieces. 
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Fig. 5. Flexural strength of the tile pieces. 
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Fig. 6. Water absorption of the tile pieces. 
 According to ISO 13006 standard, the water absorption (WA) and flexural strength (FS) are properties that define 
the class to which any ceramic tile product. In this work the measured values of WA were in the range 3.38 – 4.72 % 
and FS in the range 33.58 – 38.78 MPa. Thus, the ceramic pieces have reached the specifications for floor tile type 
BIIa (3.0 < WA < 6.0 and FS > 22 MPa), independently of the added waste amount.   
4. Conclusions 
The following conclusions can be drawn from the experimental results and their discussion. 
The sugarcane bagasse ash used in this study is a solid waste material chemically rich in SiO2 and organic matter. 
The results of X-ray diffraction showed that the waste sample is composed predominantly of silica. 
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In this work, it was demonstrated that the quartz could be replaced with up to 2.5 % of sugarcane bagasse ash 
waste in the production of floor tile type BIIa. Thus, ceramic floor tile seem to be a possible technological route for 
recycling of sugarcane bagasse ash waste. 
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